A general equation set up for the study of transport prop-erties has been applied to volatile organic compound (VOC) nasal pungency and eye irritation thresholds, as log (1/NPT) and log (1/EIT). The equation accounts for 93-95% of the total effect, thus suggesting that the main step is transport of the VOC from the gas phase to a receptor phase. In the case of odour thresholds the general equation accounts for only 77% of the total effect. A modified equation incorporates a factor for aliphatic aldehydes and carboxylic acids, and a general size effect that depends on the VOC maximum length. The size effect is important in that it leads to a cut-off effect that greatly reduces the potency of higher homologues. The various equations can all be used to predict chemosensory thresholds for thousands of VOCs.
Introduction
The presence of volatile organic compounds (VOCs) in the environment can lead to widely cited health effects, such as sensory irritation [1, 2] . Indeed, about half the threshold limit values set by the American Conference of Governmental Industrial Hygienists is based on sensory irritation [3] . Over the past 10 years, we have carried out a systematic investigation into thresholds for sensory irritation (nasal pungency and eye irritation) and odour, using panels of human subjects under carefully controlled conditions [4] [5] [6] [7] [8] [9] [10] . Of course, in order to obtain thresholds for nasal pungency we have had to study anosmics -persons with no sense of smell. As a result of our [12, 13] . As a starting point for our analysis of sensory irritation, we can take the suggestion previously put forward to explain the effect of VOCs on upper respiratory tract irritation in mice [14] . It was postulated that a physicochemical equilibrium was set up between a VOC in the initial gas phase and a VOC at a receptor or receptor area. Once at, or adjacent to, the receptor, a VOC simply activates the receptor by an 'on-off mechanism, so that the entire (or main) effect of a VOC takes place through the physicochemical equilibrium. We can therefore reduce the problem to that of the study of such an equilibrium, or partition, between the gas phase and some medium into which the VOC is transported. As we shall see, this simple treatment will not suffice for ODTs, and so we shall deal first with sensory irritation, and then examine what other effects are needed to account for ODTs.
If the main process in sensory irritation is an equilibrium or partition between a VOC in the gas phase and in the receptor medium, we require a methodology that is already known to account for similar equilibria. We have, indeed, constructed a rather simple equation [ 15, 16] that has already been applied to the partition of compounds between the gas phase and water, alcohols and other solvents [17] [18] [19] [20] and a number of biological phases [21 ] as well as to numerous sets of gas chromatographic data [22] .
In equation (1) Here and elsewhere, n is the number of data points (i.e., the number of VOCs), r is the correlation coefficient, SD is the standard deviation in the dependent variable, and F is the F statistic. The e coefficient of the independent variable, E, was statistically not significant. The reciprocal of NPT values was used, so that the more potent the VOC the larger is the value of log ( 1 /NPT).
The coefficients in equation (2) Subsequent to the construction of equation (2), we determined descriptors for a number of terpenes [ 10] , and (5) with those for gas-solvent phase transport properties shows that equation (5) [31] showed that for several homologous series, the ODT values could be correlated with the odorant activity coefficient in water [32] . Such correlations are of limited practical use, and of no mechanistic value. A more detailed analysis [33, 34] led to equation (6) , where the ODT values were taken from the AIHA compilation [35] :
Here KW is the air-water partition coefficient, also known as the Ostwald solubility coefficient, and P(oct) is the water-octanol partition coefficient; the coefficients a and b vary from one homologous series to another. Rearrangement of equation (6) leads to equation (7):
Now when b is close to unity, [log Kw + log P(oct)] = log KOCT, where KOCT is the partition coefficient between the gas phase and octanol (or, rather, wet octanol). For a number of homologous series, b ranged between 0.91 and 1.88 [34] . Hence the mechanistic significance of equation (6) [38] [39] [40] [41] . Once transported across the mucosal layer to a receptor area or biophase, the VOC (or the VOC/OBP complex) can then interact with odour receptors at the surface of the cilia membrane of the olfactory neurone. Our procedure is to apply the general equation (1) to ODT values, in the hope that we might deduce whether or not the resulting equation is consistent with simple transfer of VOCs from the gas phase to a biophase. We applied equation (1) to all the VOCs for which we had data except the carboxylic acids and aliphatic aldehydes that were clearly out-of-line [42] . The VOCs, propanone, octan-1-ol, methyl acetate and t-butyl acetate were then also revealed to be outliers, and were removed to yield the correlation equation
The coefficients in equation (8) are very similar to those for transfer from the gas phase to organic solvents (table 1) . It therefore appears that simple transfer from the gas phase to a biophase must play a major role in the relationship of ODTs to the structure of VOCs, of the order of 77% of the total effect. This contrasts with the corresponding equations for log ( 1 /NPT) and log ( 1 /EIT) that account for 93-95% of the total effect.
Examination of equation (8) showed that both small VOCs and large VOCs are less potent than expected. We then calculated the maximum length, D, of the VOC through a computer-assisted molecular-modelling program [43] and found that a parabolic term (D -D2) could account for the lack of potency of both small and large VOCs, as in equation (9) [41 ] in which complexation constants for a number of VOCs with porcine OBP were measured. However, we showed [42] that over the range of VOCs studied, the complexation constant, as log ( 1 /C), varied by 0.75 log units, whereas log ( 1 /ODT) varied by no less than 3.99 log units. It is therefore possible that the effect of OBPs is not the prime reason for the variation of log ( 1 /OTD), but that complexation to OBPs (or possibly the rate of complexa- [32, 33] . This predicted cut-off effect has a very important consequence. Hau et al. [34] have used their partition model [33] to predict ODTs for VOCs found in the indoor environment. This partition model does not include any cut-off effect at all, and hence higher homologues will be predicted to be much more potent than on our model. The odour perception of enantiomers is well known, but invariably in terms of odour quality. Rossiter [ 12] and Laska et al. [45] list pairs of enantiomers that elicit different sensations of odour quality. The latter workers tested odour discrimination of 10 [47] .
